1. Introduction {#s0005}
===============

Sinapis semina are dry seeds of *Sinapis alba* L. This traditional Chinese medicine has been known to have the following pharmacological activities: anti-tumor, the analgesic and the antiviral activities [@bib1]. The fat-soluble compounds are important parts of sinapis semina. Thus, it is important to isolate and identify the fat-soluble compounds for the research of sinapis semina. For the analysis of fat-soluble compounds in herbal medicines, gas chromatography and gas chromatography/mass spectrometry(GC--MS) have been widely used [@bib2], [@bib3]. GC/MS has particularly served as a suitable and reliable method for the determination of fat-soluble compounds of herb medicine, due to its efficient separation and identification abilities.

Quality control is an important means for insuring the efficacy of herbal medicines, and this process often closely monitors the concentrations of chemical constituents in these medicines [@bib4], [@bib5]. However, the chemical composition of herbal medicines is complex and the quantification of compounds is dependent on environmental conditions, harvest period, storage time and processing method. Sinapis semina have been grown in many parts of the country. The fat-soluble parts of sinapis semina from different regions are related to its effect.

Many methods have been used for the quantitative extraction of fat-soluble compounds form herb medicine, including steam distillation [@bib6], solvent immersion extraction [@bib7] and solid-phase extraction [@bib8]. However, these methods are laborious and time consuming. Sonication extraction has been used for rapid extraction of fat-soluble compounds from herbal medicine. It is useful due to its easy operation as well as its use of less organic solvent [@bib9], [@bib10], [@bib11], [@bib12].

To evaluate the quality of sinapis semina, a simple quantification of one or even several compounds in herb medicine is not an adequate approach. Chinese medicine chromatographic fingerprint technique is a kind of comprehensive, quantifiable chromatographic identification method. The technology is based on the systematic study of the Chinese herbal medicine chemical composition. Since the technology embodies the holistic and systemic Chinese traditional medicine characteristics, the chromatographic fingerprint analysis of herbal medicines has gained rising attention in recent years [@bib13], [@bib14], [@bib15], [@bib16]. Moreover, hierarchical cluster analysis (HCA) has been used to sort samples into groups by measuring similarity between samples [@bib16], [@bib17], [@bib18], [@bib19], [@bib20]. The similarity and dissimilarity between samples can be represented in dendrogram for easy interpretation.

In this work, a GC/MS method, combined with sonication extraction, can be used as a rapid and an effective method for the characterization of fat-soluble compounds for the quality control of sinapis semina. A total of eight sinapis semina samples were collected from the market and analyzed using the validated analytical method. The chromatographic fingerprints of those sources were established and analyzed by hierarchical cluster analysis (HCA), similarity analysis. The combination of fingerprint and HCA can be used to analyze sinapis semina from different habitats.

2. Materials and methods {#s0010}
========================

2.1. Reagents {#s0015}
-------------

Acetic ether (chromatographic grade) was purchased from Fisher Scientific (Pittsburgh, PA, USA). Petroleum ether and diethyl ether (analytical pure) were purchased from Hongyan reagent factory (Tianjin, China).

Analytical samples of sinapis semina were purchased from Xi\'an medicinal materials market (China) and identified by an expert discriminator of herbal medicine. Prior to use, the sinapis semina samples were dried and pulverized, then filtered using a standard sieve with a mesh size of 18.

2.2. Sample preparation {#s0020}
-----------------------

Dried sinapis semina were pulverized and 10.0 g was added into 40 mL diethyl ether in a volumetric flask. For solvent immersion extraction, the sample mixture was allowed to stand for 24 h at room temperature in a volumetric flask. The mixture was extracted for 30 min in an utrasonic bath at room temperature. After extraction, the extract was filtered under reduced pressure. The filtrate was collected and solvents were recovered to obtain oil substance. The oil substance was diluted 100 times by using acetic ether and vortexed for 1 min. Finally, 1 μL of the diluted sample was injected into the GC/MS system.

2.3. GC/MS assay {#s0025}
----------------

A capillary gas chromatography--mass spectrometry (GCMS-QP2010PLUS Shimadzu, Kyoto, Japan) with a Rtx-5MS capillary column (30 m×0.25 mm i.d.; 0.25 μm film thickness, Restek, CA, USA) was used. Helium (purity 99.999%) was the carrier gas with a constant flow of 1.00 mL/min. The inlet temperature was maintained at 300 °C. The initial temperature was 200 °C, ramped at 10 °C/min up to 280 °C and held for 15 min, and finally ramped at 20 °C/min up to 300 °C, held for 5 min. The mass spectrometer was operated in electron ionization mode at 70 eV. The mass range was scanned from 50*m*/*z* to 600*m*/*z* for full-scan mode. Data were collected using the GC/MS analysis software, and analyzed using a NIST library (Shimadzu, Kyoto, Japan).

Under these conditions, the volatile compounds of eight sinapis semina samples were analyzed by GC/MS.

2.4. Data analysis {#s0030}
------------------

HCA is a multivariate analysis technique that is used to sort samples into groups. Here, different samples of sinapis semina were analyzed by using SPSS 16.0 software, and the results were subjected to HCA. Similarity tests were performed on the basis of the relative retention time (RRT) and relative peak area (RPA) (angle cosine method to calculate the relative peak area), using the professional software named Similarity Evaluation System for Chromatographic Fingerprint (2004).

3. Results and discussion {#s0035}
=========================

3.1. Extraction procedure {#s0040}
-------------------------

The herbal sample is homogenized and extracted with a suitable solvent to reduce the bulk of the sample matrix and to extract fat-soluble compounds into the solvent. Both the selection of solvent and the extraction method can be critical in obtaining a satisfactory extraction of fat-soluble compounds from herbal drugs. In this study, the traditional steam distillation and the ultrasonic extraction were compared. The result shows that the extraction rate is 8.96% by using the ultrasonic extraction method, while the traditional steam distillation is only 6.48%. The traditional steam distillation consumed too much time and it was difficult to control the temperature. So the ultrasonic extraction was selected to extract fat-soluble parts from sinapis semina. Petroleum ether, ethyl acetate, and diethyl ether were used as extraction solvents. Total ion chromatograms of the extracts obtained from sinapis semina are shown in [Fig. 1](#f0005){ref-type="fig"}. As seen from [Fig. 1](#f0005){ref-type="fig"}, ultrasonic extraction with diethyl ether can help obtain more compounds. The extraction efficiency of ultrasonic extraction with diethyl ether, ethyl acetate, and petroleum ether was 8.96%, 7.63% and 7.54% respectively. Finally, diethyl ether was chosen due to its high extraction efficiency.Fig. 1Total ion chromatograms of sinapis semina: (A) sonication extraction with ethyl acetate; (B) sonication extraction with diethyl ether; and (C) sonication extraction with petroleum ethyl.

The extraction yield, the rapidity, and the convenience of sample preparation were taken into consideration; the sonication extraction method using diethyl ether was deemed most suitable.

3.2. Optimization of GC/MC condition {#s0045}
------------------------------------

In order to let the analytes be separated within a short time, the temperature program was adopted. A total of 13 compounds were identified in this work. The compounds whose similarity and content (%) are above 80% and 0.40%, respectively, are listed in [Table 1](#t0005){ref-type="table"} and the chromatogram is shown in [Fig. 2](#f0010){ref-type="fig"}. Peaks that existed in all batches of samples were considered as "marker compounds" for methodology study. Four common peaks were chosen, whose structures are shown in [Fig. 3](#f0015){ref-type="fig"}.Fig. 2The total ion chromatograms of sinapis semina extracted by sonication extraction with ethyl acetate.Fig. 3The structures of marker compounds in sinapis semina: (A) beta-tocopherol; (B) brassicasterin; (C) campesterol and (D) gamma-sitosterol.Table 1The constituents and relative contents in the ester-solubility fractions of sinapis semina.NumberCompoundSimilarity (%)Molecular formulaRelative content (%)1Ethylbenzene89C~8~H~10~0.422o-Xylene95C~8~H~10~1.7032,6-Dihexadecanoate,l-(+)-Ascorbic acid91C~38~H~68~O~8~3.714(Z,Z)-9,12-Octadecadienoic acid93C~18~H~32~O~2~45.565Olealdehyde87C~18~H~34~O2.206Z,Z-8,10-Hexadecadien-1-ol85C~16~H~30~O4.727Oleic acid88C~18~H~34~O~2~2.398(Z)- 7-Hexadecenal82C~16~H~30~O1.979(8Z)-14-Methyl-8-hexadecenal81C~17~H~32~O4.5110beta-Tocopherol88C~28~H~48~O~2~3.5611Brassicasterin80C~28~H~46~O4.0212Campesterol86C~28~H~48~O7.3513gamma-Sitosterol89C~29~H~50~O17.89

3.3. Method validation {#s0050}
----------------------

To precisely evaluate the quality control of sinapis semina, the method validation was performed to determine the marker compounds in herbal plant. In this study, apparatus suitability, precision, repeatability, and sample\'s stability were tested for analytical method validation.

### 3.3.1. Apparatus suitability {#s0055}

In this work, the resolutions, tailing factors and theoretical plate number of the marker compounds were calculated, which are shown in [Table 2](#t0010){ref-type="table"}. As shown in [Table 2](#t0010){ref-type="table"}, the theoretical plate numbers of the maker compounds are within the range of 141,911--199,388 and the RSDs of the theoretical plate numbers decreased to 1.555--9.770%. The tailing factors were in the range 0.956--1.372. In addition, resolutions of four marker compounds were within the range of 8.409--17.139. The result indicated that the method was system applicable.Table 2The system applicability of four marker compounds in sinapis semina.Marker compoundsTheoretical plate numbersTailing factorsResolution123CV (%)123CV (%)123CV (%)A198,341199,612193,7791.561.371.211.197.9214.1316.9015.408.96B141,911169,565168,3499.771.021.010.963.2517.1418.0617.912.79C184,364189,917199,3883.971.091.011.053.888.418.878.983.47D180,040178,770194,6394.781.041.031.135.3713.3813.4713.871.93

### 3.3.2. Repeatability, precision and stability {#s0060}

The repeatability was assessed by analyzing six independently prepared samples of sinapis semina. Intra-day precision was determined by analyzing five replicates during a single day. However, the inter-day precision was determined by analyzing five replicates on five consecutive days. The relative standard deviation (RSD) was taken as a measure of repeatability and precision. The stability of sample solutions was tested at room temperature. The sample solution was analyzed at 0, 12, 24, 48, and 72 h. The results are shown in [Table 3](#t0015){ref-type="table"}. From the table, we can see that this method was stable and reliable, as the RSDs were less than 5%.Table 3Precision, repeatability and stability of four marker compounds in sinapis semina.Marker compoundsPrecisionRepeatabilityStabilityInter-day precision RSD%Intra-day precision RSD%ARRT0.1230.0470.1440.212RPA3.8060.6573.5601.392  BRRT0.1070.0390.1170.229RPA3.3090.2073.4201.752  CRRT0.1210.0450.1450.243RPA2.6180.8492.8264.405  DRRT0.1060.0340.6010.236RPA2.4050.3523.5841.752[^1]

3.4. Establishment of fingerprint {#s0065}
---------------------------------

### 3.4.1. Selection of standard samples {#s0070}

To gain the standardized fingerprint, the standard samples with good quality were selected to establish the mean chromatogram. Eight sinapis semina samples (see [Table 4](#t0020){ref-type="table"}) which met the requirement of the Pharmacopoeia of People\'s Republic of China (2010 Edition) were selected as the standard samples. All standard samples were analyzed with the developed method.Table 4The information and correlation coefficients of samples.SampleProductionSimilarityS~1~Anhui0.973S~2~Guangxi0.988S~3~Hebei0.992S~4~Hennan0.993S~5~Jilin0.911S~6~Shandong0.904S~7~Shanxi0.991S~8~Szechwan0.945[^2]

### 3.4.2. Selection of reference substance {#s0075}

There are two kinds of reference substances: one is an internal reference substance to which the common peaks belong to and the other is an external reference substance which is added to the sample. In this study, peak no. 3 was chosen as the internal reference substance because this peak, which was present in the middle of the chromatogram with maximum content, existed in all chromatograms.

### 3.4.3. Fingerprint {#s0080}

The fingerprint analysis was carried out by using the software "Similarity Evaluation System for Chromatographic Fingerprint of TCM". The mean chromatograms and correlation coefficients of the samples are shown in [Fig. 4](#f0020){ref-type="fig"} and [Table 4](#t0020){ref-type="table"}. In comparison to the consensus fingerprint, all sinapis semina samples showed a similarity of at least 0.904% (shown in [Table 4](#t0020){ref-type="table"}). Sinapis semina from Shanxi, Henan, Hebei, and Guangxi provinces, China have higher similarity of 98.8--99.5%, followed by those from Anhui, Shandong, Jilin and Sichuan provinces, which were between 90.4% and 97.3%.Fig. 4The mean chromatograms of sinapis semina samples: (S~1~) Anhui; (S~2~) Guangxi; (S~3~) Hebei; (S~4~) Henan; (S~5)~ Jilin; (S~6~) Shandong; (S~7)~ Shanxi and (S~8~) Sichuan.

3.5. Quality assessment by HCA {#s0085}
------------------------------

To differentiate the sinapis semina samples collected from the market, HCA was applied to the chromatographic data that were obtained from all the samples. Four marker compounds were selected for this analysis and peak area ratios of the marker compounds were obtained by calculating the peak area ratio of analytes to internal standard.

[Fig. 5](#f0025){ref-type="fig"} shows the dendrogram of HCA, demonstrating that the similarity characteristics of eight sinapis semina could be revealed more clearly. Samples are divided into four main clusters. Four batches of sinapis semina samples from Shanxi, Henan, Hebei and Guangxi were clustered into one group, with that of Anhui clustered into one group. Samples from Jilin, Sichuan were clustered into one group, with that of Anhui clustered into a large class. Samples from Shandong showed the highest difference from the others. It can be seen that the cluster analysis result is similar to that of the fingerprint analysis.Fig. 5Dendrogram of sinapis semina generated by the weighted pair group method based on hierarchical cluster analysis.

4. Conclusion {#s0090}
=============

In this study, we described a simple and rapid GC/MS method for quantifying volatile compounds in sinapis semina. The sonication method was shown to be rapid and effective for the extraction of volatiles from herbal medicine. Our validation data indicate that the developed analytical method is suitable for the quantification of the chemical standardization of herbal medicines obtained from sinapis semina. In addition, HCA can provide important information on the differentiation of herbal plants from different regions. This developed GC/MS method, combined with multivariate statistical analysis, is a promising prospective methodology for analyzing sinapis semina from different habitats.
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[^1]: RRT: relative retention time.RPA: relative peak area.

[^2]: The similarity was calculated by similarity analysis; each fingerprint (from [Fig. 4](#f0020){ref-type="fig"}) was compared to the consensus chromatogram "R". All samples showed a similarity of at least \>0.904%.
